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COUNTER WOUND INDUCTIVE POWER
SUPPLY

BACKGROUND OF THE INVENTION

The present invention relates to power supplies and more
particularly to contactless power supplies capable of supply-
ing power to a variety of portable devices.

Contactless power supplies transfer electrical energy to
one or more portable devices without mechanical connection.
A typical contactless power supply drives a time-varying
current through a primary coil to create a time-varying elec-
tromagnetic field. One or more portable devices can each
include a secondary coil. When the secondary coil is placed in
proximity to the time-varying electromagnetic field, the field
induces an alternating current in the secondary coil, thereby
transferring power from the contactless power supply to the
portable device.

In order to increase the power transfer from the contactless
power supply to the portable device, it is generally desirable
to increase the coupling coefficient between the primary coil
and the secondary coil. At the same time, it can be desirable to
provide power to the secondary coil across multiple positions
and orientations with respect to the primary coil. These goals
are often in tension. That is, achieving a high coupling coet-
ficient can confine the portable device to a single location on
the contactless power supply, while maximizing spatial free-
dom can lower the coupling coefficient, and therefore the
power transfer, to undesirable levels.

Stated somewhat differently, contactless power systems
using coupled electromagnetic fields have become increas-
ingly common in commercial applications. It has been dem-
onstrated that the efficiency of any system that transfers
power through inductively coupled coils is inversely propor-
tional to the spatial separation between the center point planes
of'those coils. However, the non-trivial expectation of spatial
freedom of subsystem placement while maintaining efficient
energy transfer between the coils of the transmitter and
receiver subsystems has become a major focus area of this
technology. Achieving this challenge has been a major topic
of contactless power systems research. Approaches by some
researchers allow the perception of arbitrary positioning
through the selective combination of small coils. This
approach can require a significant number of coils and corre-
sponding control electronics to supply power to an arbitrarily
large area. Another approach delivers power to an arbitrarily
large area but can require inductors of very high Quality
Factor. Furthermore, this type of system solution can be dif-
ficult to control in the transfer of energy into arbitrary devices
that are in the transmitter-generated field.

A number of additional contactless power supplies have
attempted to provide some degree of spatial freedom to the
portable device, while also maintaining an acceptable cou-
pling coefficient between primary and secondary coils. For
example, one known contactless power supply includes an
array of vertically-oriented primary coils in parallel align-
ment with one another. That is, the primary coils are oriented
in side-by-side relationship with corresponding central axes
being perpendicular to a power transfer surface. An orthogo-
nal secondary coil can be positioned lengthwise above first
and second primary coils in the array, having a central axis
parallel to the power transfer surface. The first primary coil
can be energized with a first polarity, while the second pri-
mary coil can be energized with a second polarity. The two
primary coils generate a cooperative magnetic flux in the
region occupied by the secondary coil. If the portable device
is moved along the contactless power supply, one or more
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different primary coils can be energized to again provide two
underlying primary coils having an opposite polarity.

Despite the advantages of the above system, such an array
can be expensive to manufacture, and can include a high-
profile cross-section depending on the height of each primary
coil in the array. In addition, the process of winding and
assembling an array of primary coils in this arrangement can
be cost prohibitive in some applications. Accordingly, there
remains a continued need for an improved contactless power
supply for providing power to one or more portable devices.
In addition, there remains a continued need for a low-cost
contactless power supply to supply power to one or more
portable devices across multiple positions and orientations on
a power transfer surface.

SUMMARY OF THE INVENTION

A contactless power supply with two or more coaxial and
spaced-apart primary coils for generating a region of coop-
erative magnetic flux therebetween. A portable device having
a secondary coil can be positioned proximate this region of
cooperative magnetic flux to receive wireless power from the
contactless power supply. The spaced-apart primary coils can
be wound in alternating directions about a common axis and
driven in phase, or can be wound in a single direction about a
common axis and driven approximately 180 degrees out of
phase from one another, for example.

In one embodiment, the contactless power supply includes
first and second primary coils wound from a single, counter
wound electrical conductor. The first primary coil can be
wound one or more turns in a first direction, and the second
primary coil can be wound one or more turns in a second
direction, with each coil being wound about a common axis.
The first and second primary coils can be spaced-apart from
each other to define a power transfer region generally ther-
ebetween. The first and second coils cooperate to provide a
cumulative magnetic flux in the region between the first and
second coils when driven by a time-varying current.

In another embodiment, the contactless power supply
includes first and second primary coils wound about a com-
mon axis and in a common direction to define a power transfer
region generally therebetween. The first and second primary
coils can each be electrically connected to a power supply.
The power supply can drive the first and second primary coils
approximately 180 degrees out of phase with each other to
provide a cooperative magnetic flux in the region generally
between the first and second primary coils. For example, the
first and second primary coils may be connected to the same
driver but with opposite polarity, or may be connected to
separate drivers.

In yet another embodiment, the contactless power supply
includes a generally planar bobbin supporting a first plurality
of'primary coils spaced-apart from each other. At least two of
the first plurality of primary coils can be selectively driven
approximately 180 degrees out of phase from one another to
provide a cumulative magnetic flux in the region generally
between the primary coils. The planar bobbin can also sup-
port a second plurality of primary coils generally perpendicu-
lar to the first plurality of primary coils. If desired, at least two
of the second plurality of primary coils can be selectively
driven approximately 180 degrees out of phase from one
another to provide a region of cumulative magnetic flux ther-
ebetween, optionally cooperating with the magnetic flux pro-
vided by the first plurality of primary coils.

In still another embodiment, a method is provided for
forming a contactless power supply. The method includes
winding a conductive element in a first direction for one or
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more turns to provide a first primary coil, winding the con-
ductive element in a second direction for one or more turns to
provide a second primary coil, and electrically connecting
first and second end portions of the conductive element to a
power supply. The power supply can drive the conductive
element with a time-varying current to generate a magnetic
flux in the region generally between oppositely-wound pri-
mary coils.

In another embodiment, a method is provided for forming
a contactless power supply. The method includes winding a
conductive element having first and second end portions for
two or more turns, cutting the conductive element between
adjacent turns to provide two separate primary coils, and
electrically connecting the separate primary coils to a power
supply but with opposite polarity or to separate power sup-
plies operating 180 degrees out of phase from one another.
The power supply or supplies can generate a time varying
current in opposing directions through adjacent primary coils
to generate a region of cooperative magnetic flux generally
between the coils.

In another embodiment, a track segment for a toy vehicle is
provided. The track segment includes first and second
spaced-apart primary coils disposed adjacent to the track
surface. The first and second primary coils can be driven in
opposing directions to provide a region cooperative magnetic
flux generally therebetween. The toy vehicle can include a
secondary coil that is orthogonal with respect to the first and
second primary coils. The secondary coil can provide power
to an energy storage device, which can in turn provide power
to an internal motor. The track segment can be looped in
correspondence with the primary coils to provide continuous
power to the toy vehicle regardless of its position on the track.

In still another embodiment, the contactless power supply
includes a driving circuit adapted to selectively energize two
or more primary coils to provide a magnetic flux in a region
occupied by a portable device. The driving circuit is further
adapted to detect an imbalanced current condition among the
energized primary coils, and then drive the energized primary
coils with substantially similar current values. The driving
circuit can optionally adjust the rail voltage, the phase lag, the
duty cycle, the driving frequency and/or the impedance
among energized primary coils to achieve substantially simi-
lar current values among energized primary coils.

In yet another embodiment, the driving circuit includes a
first adjustable rail voltage driver and a second adjustable rail
voltage driver. The first driver can energize a first primary coil
with a time-varying driving current, and the second driver can
energize a second primary coil with a substantially identical
time-varying driving current. The driving circuit can further
include first and second current sensors to detect a divergence
in current values among energized primary coils. The driving
circuit can compensate for a detected divergence in current
values by proportionally increasing or decreasing the output
of one of the first and second drivers.

Embodiments of the invention can therefore provide an
improved contactless power supply for supplying power to a
portable device. By generating a cumulative magnetic flux in
regions between primary coils, the contactless power supply
provides improved power transfer to the portable device. The
contactless power supply can also provide an adjustable array
to provide spatial freedom and to accommodate portable
devices with different secondary configurations. In addition,
embodiments of the present invention can be manufactured at
reduced costs when compared to existing methods. Embodi-
ments of the present invention can also be sized as desired
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4

according to power transfer needs, and can include modular
primary coil arrays for use with printed circuit boards and
other devices.

These and other advantages and features of the invention
will be more fully understood and appreciated by reference to
the description of the current embodiments and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a contactless power supply.

FIG. 2 is an illustration of first and second primary coils
driven out of phase.

FIGS. 3A-3D are illustrations of first and second primary
coils driven out of phase.

FIG. 4 is an illustration of first and second counter wound
primary coils driven in phase.

FIG. 5A are circuit diagrams of two primary coils driven
out of phase and a counter wound primary coil driven in
phase.

FIG. 5B is a circuit diagram including a single inverter for
two primary coils.

FIG. 5C is a circuit diagram including a single inverter for
two primary coils.

FIG. 6 is an illustration of multiple primary coils to collec-
tively or individually induce current in an orthogonal second-
ary coil.

FIG. 7 is a schematic representation of a primary coil array.

FIG. 8 is a schematic representation of a primary coil array
having orthogonal primary coils.

FIG. 9 is a schematic representation of the primary coil
array of FIG. 8.

FIG. 10 is a schematic representation of a primary coil
array illustrating a first method for locating a secondary coil.

FIG. 11 is a schematic representation of a primary coil
array illustrating a second method for locating a secondary
coil.

FIG. 12 is a schematic representation of a primary coil
array illustrating a third method for locating a secondary coil.

FIGS. 13A-13B are illustrations of a primary coil array
including a magnetic core material.

FIG. 14 s an illustration of a modular primary coil array for
a printed circuit board.

FIGS. 15A-15B are illustrations of a primary coil array
including a diamagnetic material.

FIG. 16 is a perspective view of a bobbin for a primary coil
array.

FIG. 17 is a perspective view of a two-coil primary coil
array.

FIG. 18 is a perspective view of the two-coil primary coil
array of FIG. 17.

FIG. 19 is a perspective view of the two-coil primary coil
array of FIG. 17 including a diamagnetic layer.

FIG. 20 is a perspective view of a three-coil primary coil
array.

FIG. 21 is a perspective view of a four-coil multi-axis
primary coil array.

FIG. 22 is a perspective view of a six-coil multi-axis pri-
mary coil array.

FIG. 23 is a perspective view of a printed circuit board
including multiple primary coil arrays.

FIG. 24 are three-dimensional plots illustrating the cou-
pling coefficient k between a secondary coil and a primary
coil array.

FIG. 25 is a circuit diagram illustrating a contactless power
supply adapted to correct an imbalanced current condition
among energized primary coils.
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FIG. 26 is the circuit diagram of FIG. 25 illustrating an
adjustable rail voltage, phase and duty cycle.

FIG. 27 is a circuit diagram illustrating a contactless power
supply including an analog circuit to detect an imbalanced
current condition.

FIG. 28 is a circuit diagram of a contactless power supply
including primary coils connected across a common node.

FIG. 29 is a circuit diagram of a contactless power supply
include a single adjustable rail voltage and primary coils
connected across a common node.

DESCRIPTION OF THE CURRENT
EMBODIMENTS

The current embodiments relate to systems and methods
for a contactless power supply. The systems generally include
two or more spaced-apart primary coils for generating a
region of cooperative magnetic flux generally therebetween.
As explained below, the spaced-apart primary coils can be
wound in alternating directions about a common axis and
driven in phase, or can be wound in a single direction about a
common axis and driven approximately 180 degrees out of
phase from one another, for example.

1. First Embodiment

More specifically, and with reference to FIGS. 1-5, a con-
tactless power supply in accordance with a first embodiment
is shown and generally designated 100. While described in
FIGS. 1-5 as pertaining to a looped track segment for a toy
vehicle, it should be noted that the contactless power supply
100 is not limited to track segments, and can be adapted for
across a wide variety of applications. For example, the con-
tactless power supply 100 can be curved or planar, and can be
sized to provide power to essentially any portable device
having a secondary coil, including a mobile phone, a digital
camera, a personal digital assistant, a tablet computer, a lap-
top computer or rechargeable battery pack, for example. As
another example, an array of coils can be arranged together to
form a large charging region.

Referring now to FIGS. 1-5, the contactless power supply
100 for a looped track segment includes a first primary coil
102 and a second primary coil 104 disposed adjacent a power
transfer surface 106. The first and second primary coils 102,
104 are spaced-apart and are electrically connected to a driv-
ing circuit 108. In addition, the first and second primary coils
102, 104 are generally co-axial. That is, the first and second
primary coils 102, 104 are spaced apart end-to-end to gener-
ally define a common central axis. In order to generate a
region of cooperative magnetic flux generally between the
first and second primary coils 102, 104, the driving circuit 108
can drive the first primary coil 102 out of phase with respect
to the second primary coil 104. For example, and as shown in
FIG. 2, the driving circuit 108 can simultaneously drive the
first primary coil 102 with current in a first direction and the
second primary coil 104 with current in a second direction
different from the first direction. As a result, the first and
second primary coils 102, 104 cooperate to provide a cumu-
lative magnetic flux in the region generally between the first
and second primary coils 102, 104.

The contactless power supply 100 can provide a source of
wireless power for a portable device 110. The portable device
110 can include any device suitably adapted to receive wire-
less power. As shown in FIG. 1 for example, the portable
device can include a toy vehicle 110 configured to orbit a
looped track segment 112. The toy vehicle 110, or other
portable device, can include a secondary coil 114 generally
orthogonal to the first and second primary coils 102, 104. For
example, the toy vehicle 110 can include a secondary coil 114
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wound about an axis that extends at least partially through the
region between the first and second primary coils 102, 104.
While shown in FIGS. 2-4 as being generally orthogonal to
the first and second primary coils 102, 104, the secondary coil
114 can be angled or canted with respect to the first and
second primary coils 102, 104, having at least an orthogonal
component. In some embodiments, only a portion of the
secondary coil 114 is the region between the first and second
primary coils 102, 104, where “between” the first and second
primary coils as used herein includes areas above and below
and the gap bounded by the first and second primary coils 102,
104, including the region above a power transfer surface 106.
For example, the secondary coil 114 can be positioned to at
least partially overlie one or more of primary coils 102, 104,
while still including a portion that is between the primary
coils 102, 104. In other embodiments, the secondary coil 114
can be positioned at least partially directly between the pri-
mary coils 102, 104 as shown in FIG. 2-4, wherein the pri-
mary coils 102, 104 are radially outward of the secondary coil
114. In addition, the secondary coil 114 can be offset from
midway between the first and second primary coils 102, 104,
being closer to the first primary coil 102 or the second primary
coil 104, or being closer to a forward or reward portion of the
primary coils 102, 104.

When a time-varying current in the first and second pri-
mary coils 102, 104 is driven in opposite directions, the
cumulative magnetic flux from the first and second primary
coils 102, 104 can induce a current in the secondary coil 114.
For example, and as shown in FIG. 2, as the first primary coil
102 is driven with an increasing clockwise current, the sec-
ondary coil can generate an increasing orthogonal clockwise
current. In addition, as the second primary coil 104 is driven
with an increasing counter-clockwise current, the secondary
coil can generate an additional increasing orthogonal clock-
wise current. Thus, the first and second primary coils 102, 104
cooperate to induce a cumulative current in the secondary coil
114. The secondary coil 114 can then provide power to a load.
For example, the load can include an electric motor to provide
a motive force for the toy vehicle 110. Alternatively, the
secondary coil 114 can provide power to an energy storage
device, such as a battery or a capacitor, which can in turn
provide power to a load. The contactless power supply 100
can therefore provide a source of continuous power along
substantially the entire driving surface 106 for toy vehicles
positioned thereon.

As noted above, the contactless power supply 100 can
include a driving circuit 108 to drive the first and second
primary coils 102, 104 with a time varying current. The driv-
ing circuit 108 can include a single inverter to drive the first
and second primary coils 102, 104, or can include two or more
inverters to drive the first and second primary coils 102, 104.
Where two or more inverters are utilized, a first inverter 122
can provide a first time-varying current to the first primary
coil 102, and the second inverter 124 can provide a second
time-varying current to the second primary coil 104, option-
ally sharing driving frequencies. If the first and second pri-
mary coils 102, 104 are wound in the same direction, the
inverters 122 and 124 can drive the first and second primary
coils 102, 104 approximately 180 degrees out of phase. If the
first and second primary coils 102, 104 are counter wound, the
inverter 126 or inverters 122 and 124 can drive the first and
second primary coils 102, 104 approximately in phase.

As an alternative to driving the primary coils 102, 104 with
dedicated invertors 122, 124, the driving circuit 108 can
include a single inverter 126 to provide a time-varying current
to first and second counter wound primary coils 102, 104. For
example, the counter wound primary coils 102, 104 can be
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connected in series as shown in FIG. 5A, or the counter
wound primary coils 102, 104 can be connected in parallel but
with an opposite polarity. As shown in FIGS. 5B-5C, the
contactless power supply 100 can alternatively include mul-
tiple switches for driving the primary coils 102, 104 both in
phase and out of phase. For example, if the primary coils 102,
104 are not counter wound, they can be driven out of phase by
closing switches 123 and 125 while switches 121 and 127
remain open. [fhowever the primary coils 102, 104 in F1G. 5B
are counter wound, the primary coils 102, 104 can be driven
in phase by closing switches 123 and 127 while switches 121
and 125 remain open. Similarly, the primary coils 102, 104 in
FIG. 5C can be driven out of phase by closing switches 121,
123", 125' and 127, while the remaining switches remain
open. The primary coils 102, 104 of FIG. 5C can be driven in
phase by closing switches 121', 123, 125' and 127, while the
remaining switches remain open. The switches can optionally
be controlled by a microcontroller associated with the
inverter 126 to rapidly search for one or more secondary coils
114 as more fully set forth below in connection with FIGS.
10-12. While shown with two primary coils 102, 104, these
embodiments are well suited for use in supplying power to an
array ofthree or more primary coils. For example, the inverter
126 can be used to selectively energize n-number of parallel-
connected primary coils (a) to search for or to locate one or
more portable devices and (b) to enhance power transfer
between the array and the one or more portable devices. For
example, additional primary coils can be electrically con-
nected across +Vac and —Vac to provide an array of n-number
of selectively energized primary coils.

II. Second Embodiment

Referring now to FIGS. 6-15, a contactless power supply
100 in accordance with a second embodiment includes a
primary coil array 130 for inducing a current in one or more
generally orthogonal secondary coils 140. The primary coil
array 130 can include a plurality of primary coils 132, 134,
136 spaced-apart from each other and wound about a com-
mon axis and subjacent a power transfer surface for receipt of
aremote device thereon. The primary coils 132, 134, 136 can
be controlled individually or collectively to generate a coop-
erative magnetic flux in the region occupied by the remote
device, and in particular, the secondary coil 140. In one
embodiment, two primary coils 132 and 136 are selectively
driven 180 degrees out of phase from one another to provide
a cumulative magnetic flux therebetween while optionally
shorting an intermediate primary coil 134. While only one
intermediate coil 134 is shown, any number of intermediate
coils can be included between the driven primary coils 132
and 136. For example, the primary coil array 130 can include
n-number of primary coils, with between one and n-number
of primary coils being driven to provide a region of magnetic
flux.

As shown in FIG. 7, the activated primary coils can include
those primary coils approximately tangentially aligned with
the secondary coil 140. For example, a first plurality of pri-
mary coils 142 can be driven in phase to induce a current in
the secondary coil 140, while a second plurality of primary
coils 144 can be driven substantially out of phase to induce a
current in the secondary coil 140. For example, the first and
second primary coils can be driven approximately 180
degrees out of phase. The first and second plurality of primary
coils 142, 144 can be spaced-apart from one another, and can
cooperate to induce a clockwise or counter-clockwise current
in the secondary coil 140. In this embodiment, the magnetic
flux is localized to coincide with the portion of the secondary
coil 140 tangentially aligned with the primary coils of the
primary coil array 130. Thus, the primary coil array 130 is
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suitably adapted to provide power to multiple different-sized
secondary coils. In addition, the primary coil array 130
affords one or more degrees of spatial freedom by simulta-
neously providing power to multiple secondary devices in
multiple positions along the primary coil array 130.

While described above as having a plurality of primary
coils wound about a single axis, the primary coil array 130 can
also include an additional plurality of primary coils wound
about a second axis generally perpendicular to the first axis.
As shown in FIGS. 8-9, the primary coil array 130 can include
coils wound in orthogonal directions to more closely couple
to a corresponding secondary coil 140. The activated primary
coils can include those primary coils approximately tangen-
tially aligned with the secondary coil 140. For example, the
selected horizontal primary coils 146 and 147 can be driven in
opposite directions to induce a current in the secondary coil
140, and the selected vertical primary coils 148 and 149 can
be driven in opposite directions to induce a current in the
secondary coil 140. The selected primary coils can be driven
in phase if counter wound, or out of phase if wound in the
same direction. Because only those primary coils tangentially
aligned with the secondary coil 140 are energized, the con-
tactless power supply 100 minimizes power losses from
poorly coupled primary coils. As also shown in FIG. 9, the
orthogonally-wound primary coils can contribute to an
enclosed zone of flux 150 generally corresponding to the
shape of the secondary coil 140. While the secondary coil 140
is shown as generally circular, the secondary coil 140 can be
essentially any size and shape, including a curved configura-
tion or a polygonal configuration, for example.

In certain applications it can be desirable to identify the
presence of one or more portable devices and to energize only
those primary coils that are closely coupled with a secondary
coil(s) contained within the portable device(s). This can be
especially useful if the primary coil array 130 is adapted for
use with a variety secondary coils each having different
shapes, sizes or orientations, whether individually or simul-
taneously. As shown in FIG. 10, for example, a primary coil
array can include first and second columns of coaxial primary
coils. In order to identify the location of one or more second-
ary coils, the driving circuit 108 can simultaneously energize
each primary coil in a direction opposite that of the adjacent
primary coil. The adjacent primary coil can be driven in phase
if counter wound, or can be driven out of phase if wound in the
same direction. By monitoring the current, voltage and/or
phase of each primary coil, the primary coils most closely
aligned with the secondary coil 140 can be selected. For
example, the selected primary coils can include those primary
coil exhibiting at least a threshold current response. This can
include two adjacent primary coils, two primary coils sepa-
rated by intermediate primary coils, or a combination of the
two. With the desired primary coils selected, the secondary
coil 140 can be powered as substantially set forth above in
connection with FIGS. 6-7.

Alternatively, and as shown in FIG. 11, a first primary coil
152 can be energized in a first direction, and some or all of the
remaining primary coils can be sequentially energized in the
opposite direction. As the flux area 150 gradually increases,
the current, voltage and/or phase in the energized primary coil
can vary. The primary coil(s) most closely aligned with the
secondary coil 140 can be selected by monitoring the primary
coil current, voltage or phase. For example, the selected pri-
mary coil can include the primary coil exhibiting at least a
threshold current response. The identified primary coils can
include adjacent primary coils, primary coils separated by
intermediate primary coils, or combinations thereof. Accord-
ing to another method for locating a secondary coil 140, the
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primary coil array 130 can drive each primary coil in a direc-
tion opposite that of the adjacent primary coil. The primary
coil array 130 repeats this process by driving the primary coils
in pairs as shown in FIG. 12. For example, alternating pair-
ings of primary coils can be driven in a first direction as the
remaining pairings of primary coils are driven in a second
direction. The primary coil most closely aligned with the
secondary coil 140 can be selected by monitoring its current,
voltage or phase. For example, the selected primary coil can
include the primary coil exhibiting at least a threshold current
response. As noted above, the identified primary coils can
include adjacent primary coils, primary coils separated by
intermediate primary coils, or combinations thereof.

Embodiments can also include a variety of materials to
shape or otherwise enhance the magnetic flux in the region
generally between energized primary coils. As shown in
FIGS. 13-14, for example, the primary coil array 130 can
include a ferromagnetic material 152 extending at least par-
tially through the core of adjacent primary coils 102, 104. As
illustrated in FIG. 13B, the ferromagnetic material 152 can
confine or guide the current-inducing magnetic flux lines
downward through the secondary coil 110. The ferromag-
netic material 152 can be any suitable shape, and can be
cylindrical or generally planar, for example. In addition, the
ferromagnetic material 152 can simultaneously function as a
flux guide to reduce the interaction between the secondary
coil 110 and any current-canceling flux from the underside of
the primary coils array 130. That is, the ferromagnetic mate-
rial 152 can guide the current-canceling flux from the under-
side of the primary coil array away 130 from the secondary
c0il 110 (and generally through the primary coils 102, 104) to
not interfere with the current-inducing flux above the primary
coil array 130. Alternatively, or in addition, a diamagnetic
core material 152 can also be utilized to inhibit any current-
canceling flux in the region occupied by the secondary coil
110. As shown in FIGS. 15A-15B, the contactless power
supply 100 can also include one or more ferromagnetic or
diamagnetic materials 160 to guide or inhibit magnetic flux,
respectively, in regions where the secondary coil 110 is not
present. The layer of ferromagnetic or diamagnetic material
160 can extend opposite the secondary coil 110. A diamag-
netic material can include the suitable materials exhibiting
primarily diamagnetic properties including copper and lead,
for example. Alternatively, a diamagnetic material 160 can
also include conductive materials that exhibit diamagnetic
properties in the presence of an alternating electromagnetic
field, including for example aluminum, bismuth pyrolytic
graphite and superconducting materials. As noted below in
connection with FIG. 23, the primary coil array 130 can also
form a modular unit to be coupled to a circuit board 154 or
other surface.
II1. Third Embodiment

In addition to the embodiments described above, a further
example of a primary coil array is shown in FIGS. 16-23 and
generally designated 170. The primary coil array 170 can
include a generally planar bobbin 172 and a plurality of
primary coils 182, 184 spaced-apart from each other. A
method for forming the primary coil array 170 can include
winding a conductive element 174 about spaced-apart por-
tions of the bobbin 172. The conductive element 174 can
include a first primary coil 182 spaced-apart from a second
primary coil 184. The first and second primary coils 182, 184
can be counter wound, or can be wound in the same direction.
If counter wound, the first and second primary coils 182, 184
can be driven substantially in phase to generate a region of
cooperative magnetic flux therebetween. If wound in the
same direction, the conducting element 174 can be cut
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between the first and second primary coils 182, 184. Each
primary coil 182, 184 can then be connected to an inverter and
driven approximately 180 degrees out of phase. Alternatively,
acutend can be connected to a free end of an adjacent primary
coil. The resulting series-connected primary coils 182, 184
can be driven with an alternating current substantially as
though the primary coils 182, 184 were counter wound. Thus,
the assembly of a primary coil array 170 can be greatly
simplified by separating adjacent primary coils 182, 184
formed from a single conducting element 174. Rather than
continuously reversing the direction of the conducting ele-
ment 174 along the bobbin 172, the cut ends of each primary
coil 182, 184 can be electrically connected to a driving circuit
accordingly to a wide variety of configurations.

Referring againto FIGS. 16-23, the bobbin 172 can include
one or more guides 176 to align adjacent primary coils within
respective channels 177. In addition, the bobbin 172 can
optionally include multiple fasteners 178 and multiple
through-holes 180 to individually connect each primary coil
182,184,186 to apower supply. As shown in FIGS. 18-20, the
primary coils 182, 184, 186 can each include first and second
end portions 190, 192 that are guided through corresponding
through-holes 182 inthe bobbin 172. As shown in FIG. 19, the
primary coil array 170 can include a layer of diamagnetic
material 194 disposed between the bobbin 172 and as set forth
above in connection with FIG. 15. Alternatively, or in addi-
tion, the underlying circuit board 196 can itself include a
diamagnetic material to inhibit magnetic flux in the region
beneath the circuit board 196.

Optionally, each primary coil of the primary coil array 170
can be electrically connected to a driving circuit 108 as set
forth above in connection with FIGS. 5A-5C. For example,
each primary coil of the primary coil array 170 can be con-
nected across +Vac and —Vac substantially as set forth above
in connection with the primary coils 102 and 104 of FIGS.
5B-5C. The inverter 126 of FIGS. 5B-5C can be used to
selectively energize the primary coils to search for one or
more portable devices and to enhance power transfer between
the primary coil 170 array and the one or more portable
devices. As shown in FIGS. 21-23, the inverter 126 and the
bobbin 172 can also be configured to support a second plu-
rality of primary coils 198, 200, 202 generally orthogonal
with respect to the first plurality of primary coils 184, 186,
188. At least two of the second plurality of coils can be
selectively driven in opposite directions to provide a region of
cumulative magnetic flux therebetween. This region of mag-
netic flux can optionally cooperate with a region of magnetic
flux provided by the first plurality of coils. The combined
region or zone of magnetic flux can be localized to coincide
with an overlying secondary coil, thereby minimizing power
losses through poorly coupled primary coils. Multiple pri-
mary coil arrays 170 can be conveniently applied to the
printed circuit board 196 where a larger power transfer area is
desired.

IV. Fourth Embodiment

In a fourth embodiment, a contactless power supply and
method is provided for generating a field that transfers power
to a secondary coil in an arbitrary location on a flat surface
while maintaining a high coupling coefficient between pri-
mary and secondary coils. Multiple coils in conjunction, as
described below, can effectively create a moveable flux-gen-
erating region with relatively high coupling coefficient to a
secondary coil.

As shown in FIG. 22, the basic structure of the transfer side
flux generator includes many coils of copper litz wire 182,
184,186,198,200, 202 wound around a common NiZn ferrite
core. All of the coils are constructed of similar gauge wire, for
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example 1 mm, are of a similar number of turns, for example
20 turns, and are wound in the same direction. The ferrite core
is constructed in a way that it is considerably wider and longer
than it is thick, in this case 53 mmx53 mmx2.5 mm. Beneath
the coils is a layer of copper 194 (shown in FIG. 19) that
serves to reduce stored energy. Each pair of coils operating in
conjunction can be considered as an inductor with inductance
L,.If the combined inductor I, generates flux that is linked to
a secondary inductor L, the coupling coefficient k can be
defined according to the following formula:

k=MW, T,

with M being the mutual inductance between L, and L.
Research has shown that k>0.25 can provide sufficient cou-
pling for efficient power transfer. Particular primary coil pairs
are energized such that the coil pair will have sufficient cou-
pling and therefore sufficient spatial freedom over a region
hence ensuring that the array has spatial freedom over that
region.

This freedom was measured using a computer controlled
system that mapped the position of the receiving coil L, at
specific locations above the transmitting coil pair under test.
It was determined to test the configuration where two adjacent
coils where selected, as well as the configuration where two
coils were selected with an unused coil in between, thus
allowing an arbitrary number of coils to be similarly repre-
sented. In the case of an internal unused coil as shown at right
in FIG. 24, the region of sufficient coupling overlap is greater
than the gap between the two coils. In the case of adjacent
coils as shown at left in FIG. 24, the region of sufficient
coupling is wider than the width of a coil. By superposition,
this can guarantee that there will be no position for a receiving
coil L, that will not be in a region of sufficient coupling for any
coil pair, ensuring sufficient spatial freedom over the region.
V. Fifth Embodiment

A contactless power supply in accordance with a fifth
embodiment is illustrated in FIGS. 25-29 and generally des-
ignated 200. The contactless power supply 200 includes a
driving circuit 210 and a primary coil array 250. As set forth
in connection with the above embodiments, the driving circuit
210 can selectively energize two or more primary coils of the
primary coil array 250 to provide a magnetic flux in a region
occupied by a portable device. In addition, the driving circuit
210 can also correct for a divergence in current among ener-
gized primary coils and/or can purposely drive the primary
coils with substantially non-identical currents.

In particular, the driving circuit 210 of the present embodi-
ment is adapted to detect and correct an “imbalanced” current
among energized primary coils. Innormal operation, the driv-
ing circuit 210 can energize two or more primary coils with
substantially identical time-varying driving currents. In
instances where the primary coils are wound in the same
direction, the driving currents can be substantially 180
degrees out of phase. In instances where the primary coils are
wound in opposite directions or counter-wound, the driving
currents can be substantially in phase. However, the current in
the energized primary coils can diverge and become dissimi-
lar, generally referred to herein as an imbalanced current
condition.

An imbalanced current condition can be caused by a vari-
ety of factors. For example, an imbalanced current condition
can be caused by a portable device being closer to one ener-
gized primary coil than another energized primary coil. That
is, a portable device can have a first coupling coefficient
relative a first energized primary coil and a second coupling
coefficient relative to a second energized primary coil. As a
result, the reflected impedance in each primary coil will nor-
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mally be different, resulting a divergence from substantially
identical current values to dissimilar current values (e.g., a
lesser or greater amplitude or RMS current). In other appli-
cations, an imbalanced current condition can be caused by
physical and/or material variations in the construction of the
primary coil array, including the primary coils and an optional
core, for example. In still other applications, an imbalanced
current condition can be desirable, and the driving circuit 210
can purposely drive the primary coils with substantially non-
identical currents.

The driving circuit 210 of the present embodiment can
correct an imbalanced current condition—or purposely drive
to an imbalanced current condition—in a number of ways.
For example, the driving circuit 210 can adjust the rail volt-
age, the phase lag, the duty cycle, the driving frequency, or the
impedance among energized primary coils. Referring now to
FIGS. 25-26, a driving circuit 210 is shown and is generally
adapted to detect and correct an imbalanced current condition
by adjusting the rail voltage among energized primary coils.
The driving circuit 210 includes a microcontroller 212, a first
adjustable rail voltage 214 and a second adjustable rail volt-
age 216. The microcontroller 212 is electrically coupled to
each rail voltage 214, 216 to control the rail voltage output.
The first rail voltage output is electrically connected to a first
microcontroller-controlled driver 218, and the second rail
voltage output is electrically connected to a second micro-
controller-controlled driver 220. The first and second drivers
218, 220 generate respective time-varying driving currents
that are approximately 180 degrees out of phase. For
example, if the first microcontroller-controlled driver 218
generates a series of square wave pulses of a given frequency,
the second microcontroller-controlled driver 220 can gener-
ate a corresponding series of square wave pulses of the same
frequency, but 180 degrees out of phase. Because the second
driver 220 modulates the second adjustable rail voltage, the
second driver output can have an amplitude different from the
amplitude of the first driver output. For example, second
driver output can have an RMS current less than or greater
than the RMS current of the first driver output, with the
difference being proportional to the difference between the
first adjustable rail voltage 214 and the second adjustable rail
voltage 216.

As also shown in FIGS. 25-26, the output of the first and
second drivers 218, 220 can each be connected to one or more
primary coils in the primary coil array 250 through one or
more multiplexers 222, 224. In the illustrated embodiment,
first and second multiplexers 222, 224 are microcontroller-
controlled to select the one or more primary coils that receive
the output of the first driver 218 and the second driver 220. For
example, the first multiplexer 222 includes a single input (i.e.,
the output of the first driver 218) and includes n number of
outputs corresponding to n number of primary coils in the
primary coil array 250. In like manner, the second multiplexer
224 includes a single input (i.e., the output of the second
driver 220) and includes n number of outputs corresponding
to n number of primary coils in the primary coil array 250.
Each multiplexer 222, 224 includes n number of microcon-
troller-controlled switches 223, 225, for example FETs, to
control the current path between the drivers 218, 220 and the
primary coil array 250. First and second current sensors 228
are electrically connected between the first and second drivers
218, 220 and the first and second multiplexers 222, 224,
respectively. The output of each current sensor 226, 228 is
electrically connected to the microcontroller 212, optionally
through first and second demodulators 230, 232. In the illus-
trated embodiment, each primary coil in the primary coil
array 250 includes a series connected capacitor 260, and is
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individually connected to ground 262. In addition, the pri-
mary coil windings are generally wound in the same direction
abouta common axis. For example, the primary coil windings
can be wound about a common core 172 as set forth above in
connection with FIGS. 16-23.

In operation, the driving circuit 210 can drive the primary
coil array 250 substantially as set forth above to locate one or
more portable devices and to energize only those primary
coils that are closely coupled with the located portable device
and to provide a cooperative magnetic flux in the region
occupied by the portable device. The first and second current
sensors 226, 228 can then monitor the current in each of the
energized primary coils, the output of which is fed to the
microcontroller 212. If; for example, the microcontroller 212
determines the coil driven by the first driver 218 (the “first”
primary coil) is conducting sufficiently less current than the
coil driven by the second driver 220 (the “second” primary
coil), the first primary coil can be driven with an enhanced
driving current to offset this deficiency. For example, the
microcontroller 212 can increase the first rail voltage 216, or
the microcontroller 212 can decrease the second rail voltage
214. Throughout this process, the driving frequency of the
first driver 218 can remain tied to the second driver 220, such
that only the amplitude and the phase of each driver output
will differ from each other. The driving circuit 210 can con-
tinually or periodically monitor the current difference among
energized coils, optionally comparing this difference with a
threshold value stored in memory. As the current difference
exceeds the threshold value, the driving circuit 210 can
increase or decrease the current in one of the two or more
primary coils to offset this difference substantially as set forth
above.

As optionally shown in FIG. 27, the output of the first and
second current sensors 226, 228 can be evaluated by an ana-
log circuit, for example a differential amplifier 232, rather
than by the microcontroller 212. For example, the analog
amplifier 232 can include the output of the first current sensor
226 as its non-inverted input, and can include the output of the
second current sensor 228 as its inverted input. The amplifier
output can be proportional to the difference between the
non-inverted input and the inverted input, as set by the ampli-
fier gain. This output can be utilized to control the second
adjustable rail voltage 216. For example, as the amplifier
output increases, indicating an appreciable increase of the
first current sensor output over the second current sensor
output, the second rail voltage 216 can also increase to offset
the current deficiency in the second primary coil. The second
driver 220 can be driven based on the output of the amplifier
232 as shown in FIG. 27, or can be driven by the microcon-
troller 212 as shown in FIGS. 25-26. Thus, the analog ampli-
fier 232, or other analog circuit, can be utilized to differen-
tially compare the current in the energized primary coils. In
addition, the output of the analog amplifier 232 can control a
phase delay line or a deadband generator, for example.

To reiterate, each primary coil of the primary coil array 250
will generally have its own reflected impedance when proxi-
mate a portable device. This reflected impedance, and the
corresponding change in driving current, is presented to rail
when a corresponding multiplexer FET is closed. The current
at each primary coil may also vary based on factors other than
its reflected impedance, including for example the driving
frequency and variations in the construction of the primary
coil array. As noted above in connection with FIGS. 25-26,
the driving circuit 210 can correct for an imbalanced current
condition by modulating a rail voltage. In addition to modu-
lating a rail voltage, the driving circuit 210 can correct for an
imbalanced current condition in a variety of other respects.
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For example, the driving circuit 210 can vary the duty cycle of
the drivers 218, 220. That is, increasing the duty cycle of the
first driver 218 can have a similar effect as increasing the first
adjustable rail voltage 214. In like manner, increasing the
duty cycle of the second driver 220 can have a similar effect
as increasing the second adjustable rail voltage 216. The
power supply can also correct for an imbalanced current
condition by varying the phase lag between the drivers 218,
220, or by selectively varying the impedance of each primary
coil using an array of selectable impedance elements and/or
using one or more tunable impedance elements connected in
parallel and/or series with a primary coil.

As further optionally shown in FIG. 28, the primary coil
array 250 can be driven by the driving circuit 210 in a push-
pull sequence, with the energized primary coils being con-
nected in series through a common node 264. In this configu-
ration, the current is generally balanced among first and
second energized primary coils. For example, the first multi-
plexer 222 can direct the first driver output to coil 256, and the
second multiplexer 224 can direct the second driver output to
coil 258. Because coils 256 and 258 are connected across a
common node 264, the current in coil 256 at time t,, is gener-
ally the same as the current in coil 258 at time t,, and the
output of each current sensor 226, 228 will also generally be
the same. Although the current sensors 226, 228 are generally
not utilized to detect a current imbalance, the current sensors
226,228 can instead be utilized in conjunction with a scan for
a portable device in proximity to the primary coil array 250
substantially as set forth above. In addition, the rail voltages
214, 216 can be substantially equal to each other, or one rail
voltage can at times be greater than the other rail voltage. For
example, the first driver 218 can generate a train of driving
pulses, and the second driver 220 can generate an inverted
train of driving pulses at substantially the same frequency but
approximately 180 degrees out of phase. In instances where
the rail voltages 214, 216 are not equal, the average current
through the energized primary coils will be greater in one
direction than in the other direction. The energized coils 256,
258 can be wound in a common direction about a common
core to provide a region of cooperative magnetic flux ther-
ebetween. Optionally, one or more additional switches can
selectively isolate the primary coils from the common node
264 under the control of the microcontroller 212.

As also shown in FIG. 29, the primary coil array 250 can
instead be driven by only a single microcontroller-controller
driver 218. In this configuration, the primary coils 252, 254,
256,258 are again connected in series across a common node
264. The first multiplexer 222 includes an array of parallel
connected switches 223 to selectively drive a first primary
coil with a time-varying driving current. The second multi-
plexer 224 includes a counterpart array of parallel connected
switches 225 to selectively connect a second primary coil to
ground. For example, the first multiplexer 222 can drive the
first primary coil 252 with the driver output, and the second
multiplexer 224 can electrically connect the second primary
coil 254 to ground while also isolating the remaining primary
coils from ground. The current flow path is shown in as
originating from the driver 218 and continuing through the
first primary coil 252 and the second primary coil 256 to
ground. The energized coils 252, 256 can be wound in a
common direction about a common core to provide a region
of cooperative magnetic flux therebetween. In addition, each
primary coil 252, 256 can include a series resonant capacitor
260, and in some instances fewer than each primary coil can
include a series resonant capacitor 260. For example, only the
first primary coil 252 is shown in FIG. 29 as including a series
resonant capacitor 260.
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The contactless power supply 200 is described above as
generally balancing the current among concurrently ener-
gized primary coils. In some embodiments, however, it can be
desirable to purposely drive the primary coils with different
current values. For example, it can be desirable to control the
primary coil array 250 so that the energized primary coil that
is closest to the portable device has more current. This would,
in effect, shift the region of peak flux linkage (and therefore
coupling and efficiency) to be centered at the location of the
portable device. In this case, the driving circuit 210 can con-
trol the first and second drivers in FIGS. 25-27 to proportion-
ally (instead of equally) distribute the current among the
energized primary coils. The error between the current sensor
outputs can also be used to discern additional information.
For example, the error between the current sensor outputs can
indicate that a parasitic object could be closer to one primary
coil than another primary coil. This information could then be
used to stop power transfer, or to potentially shift to powering
a different pair of primary coils that may move the region of
cooperative magnetic away from the parasitic object. If the
coils are, in fact, driven in series as shown in FIGS. 28-29,
then the relative voltage across the energized primary coils
could provide similar information.

The above descriptions are those of the current embodi-
ments of the invention. Various alterations and changes can be
made without departing from the spirit and broader aspects of
the invention as defined in the appended claims, which are to
be interpreted in accordance with the principles of patent law
including the doctrine of equivalents. Any reference to ele-
ments in the singular, for example, using the articles “a,” ““an,”
“the,” or “said,” is not to be construed as limiting the element
to the singular.

The invention claimed is:

1. A contactless power supply for providing power to at
least one remote device, comprising:

afirst inductive primary to provide an electromagnetic flux
when driven with a first time-varying current, the first
inductive primary defining a first centerline axis;

a second inductive primary to provide an electromagnetic
flux when driven with a second time-varying current, the
second inductive primary defining a second centerline
axis coaxial with the first centerline axis; and

a power transfer surface to receive the at least one remote
device thereon, wherein the first and second inductive
primaries are subjacent the power transfer surface and
wherein the first and second centerline axes are gener-
ally parallel to the power transfer surface, the first and
second inductive primaries being operable to define a
cumulative magnetic flux in a region of the power trans-
fer surface between the first and second inductive pri-
maries.

2. The contactless power supply of claim 1 wherein the first
inductive primary is wound about a first direction and the
second inductive primary is wound about a second direction
different from the first direction.

3. The contactless power supply of claim 2 wherein the first
and second inductive primaries are electrically coupled in
series whereby the first and second time-varying currents are
equal.

4. The contactless power supply of claim 1 further includ-
ing:

a first driver electrically coupled to the first inductive pri-

mary to generate the first time-varying current; and

a second driver electrically coupled to the second inductive
primary to generate the second time-varying current,
wherein the first and second time-varying currents are
substantially out of phase.
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5. The contactless power supply of claim 1 further includ-
ing a ferromagnetic a core element, wherein the first and
second inductive primaries are wound about the ferromag-
netic core element.
6. The contactless power supply of claim 1 further includ-
ing a diamagnetic element opposite the power transfer sur-
face, wherein the first and second inductive primaries are
positioned therebetween.
7. The contactless power supply of claim 1 further includ-
ing a bobbin including first and second channels, wherein the
first and second inductive primaries are wound about the
bobbin within the first and second channels, respectively.
8. The contactless power supply of claim 7 wherein the
bobbin is planar.
9. The contactless power supply of claim 1 further includ-
ing third and fourth coaxial inductive primaries that are
orthogonal to the first and second coaxial inductive primaries.
10. The contactless power supply of claim 1 wherein:
the at least one remote device is positionable along a plu-
rality of locations on the power transfer surface; and

the at least one remote device includes an inductive sec-
ondary generally orthogonal to the first and second
inductive primaries.

11. A method for providing wireless power to a remote
device, comprising:

providing a contactless power supply including a power

transfer surface to receive the remote device thereon and
afirst plurality of inductive primaries wound about a first
centerline axis, the first centerline axis being generally
parallel to the power transfer surface; and

driving first and second ones of the first plurality of induc-

tive primaries with respective time-varying currents to
provide the remote device with a first cumulative mag-
netic flux in aregion between the first and second ones of
the plurality of inductive primaries.

12. The method according to claim 11 further including:

measuring a current or a voltage in the first and second

inductive primaries; and

driving the first and second inductive primaries to a bal-

anced condition in which the current or the voltage in
each of the first and second inductive primaries is sub-
stantially equal.

13. The method according to claim 12 wherein driving to a
balanced condition includes varying one of the amplitude, the
duty cycle, and the frequency of the time-varying current in
one of the first and second inductive primaries.

14. The method according to claim 11 further including:

measuring a current or a voltage in the first and second

inductive primaries; and

driving the first and second inductive primaries to an imbal-

anced condition in which the current or the voltage in
each of the first and second inductive primaries is sub-
stantially dissimilar.

15. The method according to claim 14 wherein driving to
an imbalanced condition includes varying one of the ampli-
tude, the duty cycle, and the frequency of the time-varying
current in one of the first and second inductive primaries.

16. The method according to claim 11 wherein the driving
step includes:

driving the first inductive primary with a first time-varying

current;

driving the second inductive primary with a second time-

varying current;

varying the phase in at least one of the first and second

time-varying currents to control the first cumulative
magnetic flux provided to the remote device.
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17. The method according to claim 11 wherein:

the first and second inductive primaries are wound in the

same direction about the first axis; and

the respective time-varying currents are substantially out

of phase.

18. The method according to claim 11 wherein the first
inductive primary is wound in a first direction about the first
axis and the second inductive primary is wound in a second
direction about the first axis.

19. The method according to claim 11 further including:

providing a second plurality of inductive primaries wound

about a second axis generally perpendicular to the first
axis; and

driving first and second ones of the second plurality of

inductive primaries with respective time varying cur-
rents to generate a second cumulative magnetic flux in
the region occupied by the remote device.
20. The method according to claim 19 further including
providing a power transfer surface for receipt of the remote
device thereon, the first and second plurality of inductive
primaries being subjacent the power transfer surface.
21. The method according to claim 11 wherein the respec-
tive time-varying currents include a first amplitude and a
second amplitude different from the first amplitude.
22. A contactless power supply system comprising:
a remote device including an inductive secondary; and
a contactless power supply including a power transfer sur-
face to receive the remote device thereon and including
first and second coaxial inductive primaries subjacent
the power transfer surface and defining a centerline axis
generally parallel to the power transfer surface,

wherein the inductive secondary is orthogonal to the first
and second inductive primaries, and wherein the first
and second inductive primaries are operable to generate
a cumulative magnetic flux in the region of the power
transfer surface occupied by the orthogonal inductive
secondary.

23. The contactless power supply system of claim 22
wherein the first inductive primary is wound about a first
direction and the second inductive primary is wound about a
second direction different from the first direction.

24. The contactless power supply system of claim 23
wherein the first and second inductive primaries are electri-
cally coupled in series.

25. The contactless power supply system of claim 22 fur-
ther including:

a first driver electrically coupled to the first inductive pri-

mary to generate the first time-varying current; and

a second driver electrically coupled to the second inductive

primary to generate the second time-varying current,
wherein the first and second time-varying currents are
substantially out of phase.

26. The contactless power supply system of claim 22 fur-
ther including a ferromagnetic a core element, wherein the
first and second inductive primaries are wound about the
ferromagnetic core element and wherein the ferromagnetic
core element guides the cumulative magnetic flux toward the
region of the power transfer surface occupied by the inductive
secondary.

27. The contactless power supply system of claim 22 fur-
ther including a diamagnetic element subjacent the first and
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second inductive primaries to increase the cumulative mag-
netic flux in the region of the power transfer surface occupied
by the inductive secondary.

28. The contactless power supply system of claim 27
wherein the diamagnetic element is planar and is coextensive
with the power transfer surface, the first and second inductive
primaries being positioned between the diamagnetic element
and the power transfer surface.

29. The contactless power supply system of claim 22 fur-
ther including a planar bobbin, wherein the first and second
inductive primaries are wound about the planar bobbin.

30. A method for providing wireless power to a remote
device including an inductive secondary, the method com-
prising:

providing a power transfer surface to receive the remote

device thereon;

providing a first primary coil array including a first plural-

ity of spaced-apart inductive primaries wound about a
first centerline axis, the first centerline axis being gen-
erally parallel to the power transfer surface;

driving a first one of the plurality of inductive primaries

with a current in a first direction; and

driving a second one of the plurality of inductive primaries

with a current in a second direction, wherein the induc-
tive secondary is generally orthogonal to the first and
second inductive primaries, and wherein the first and
second inductive primaries are generally tangentially
aligned with the inductive secondary to provide a cumu-
lative magnetic flux to the inductive secondary.

31. The method according to claim 30 further including:

providing a second primary coil array including a second

plurality of spaced-apart inductive primaries wound
about a second centerline axis generally orthogonal to
the first centerline axis;
driving a first one of the second plurality of inductive
primaries with a current in a first direction; and

driving a second one of the second plurality of inductive
primaries with a current in a second direction, wherein
the first and second ones ofthe second plurality of induc-
tive primaries are tangentially aligned with the inductive
secondary to contribute to the cumulative magnetic flux
to the inductive secondary.

32. The method according to claim 30 further including
monitoring a characteristic of power in the first and second
inductive primaries to detect the presence of the inductive
secondary in proximity to the first and second inductive pri-
maries.

33. The method according to claim 32 wherein the charac-
teristic of power includes at least one of current, voltage and
phase.

34. The method according to claim 30 wherein the first
primary coil array includes a ferromagnetic core element.

35. The method according to claim 30 wherein the first
primary coil array includes a planar bobbin.

36. The method according to claim 30 wherein the induc-
tive secondary is substantially orthogonal to the first plurality
of inductive primaries.

37. The method according to claim 30 further including
providing a planar power transfer surface to removably
receive the remote device thereon.
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